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EXECUTIVE SUMMARY .
The severe drought experienced in Central Florida throughout most of
1981 brought increased attention to the Tong recognized problem of fresh

water availability across the State. Much of the state's fresh water supply

is obtained from groundwater storage and natural lakes. Many of these lakes

reached record and near-record Jow levels during late summer of 1981 and

forced the imposition of the restricted water use practice for individual
households and municipal supplies as well as agricultural irrigation.

Management of water resources in Florida is the responsibility of
Florida's five Water Management Districts. Especially during drought condi-
tions, a close watch is maintained over all water supplies. This is most
commonly done through monitoring water stage, the water height above sea
level. Although water stage is an important indicator, water storage volume
is a more critical parameter. Volume can only be obtained if accurate data
exists as to the lake contours. in conjunction with water stage. Such data
rarely exists because of the extensive time and cost associated with conven-
tional transect survey methods of collecting such data and the fact that they
are subject to change over extended periods of time.

The University of Florida, in cooperation with the St. Johns River
Water Management District, and Kennedy Space Center developed a technique
using Landsat data for estimating available water storage volume and applied

1t successfully to Lake Washington and Lake Harris in central Florida. A

number of Landsat scenes including the lakes of interest were selected to cor-

respond with a wide range of lake stages as measured over the past nine years,
Lake surface area was then measured from the Landsat data, and when properly
averaged, was used with the change in lake level to estimate the change in

lake volume. Thus, a change in lake stage can be directly correlated with

available water volume.




-

Eight cloud free dates were chosen for Lake Washington, Florida, The
lake stages on these dates were recorded, The dates were rearranged in
order of increasing lako stage. The water surface was measured from Landsat
along with the lake stage that ranged from 10,60 to 15.85 ft. (ms1), The re-..
sults indicated that the water surface varied from 2,537 acres at the stage 10,60
ft. to 2,850 acres at the stage 15.85 ft. The ground truth measurement of water
surface around. the stage 15.85 ft was 2848 acres which was very close to 2850
acres, the area estimated by the Landsat system at the stage 15.85 ft. The
difference was negligible. This implies that the technique developed in this
study is quite applicable to measure the water surface area of the lake. The
lake volume between two stages was computed from the average area between tﬁe
stages multiplied by the stage increment. The lake volume between the stages
10.60 and 15.85 ft is about 14,352 acre-ft. The lake volume ranged from 26 to
28 acre-ft. for each 0.01 ft. increment in lake stage.

Four cloud free dates were chosen for Lake Harris, Florida. The similar
techniques as used in Lake Washington were applied to Lake Harris for measuring
the lake water surface area. The results indicated that the water surface
varied from 17,430 acres at the stage 62.38 ft (ms1) to 18,657 acres at the stage
63.30 ft. The lake volume between the stages 62.38 ft. and 63.30 ft. was about
16,682 acre-ft. The lake volume ranged from 176 to 183 acre-ft. for each
0.01 ft. change in lake stage.

The rates of change in lake volumes in relation to lake stage increments
are quite stabilized in both lakes. This implies that the lake volume at
other stages could be roughly estimated based on the lake volume increment re-
lation obtained in this study.

The key element in this approach, i.e. the lake surface measurement from
Landsat was accomplished by density slicing in the near infrarved-band 7. For

lakes having shallow depths and marshy shores as represented here, such mea-

- o=yurements-are—-highly-sensitive to the upper 1imits chosen for band 7. The
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upper 1imit of 256 was selected in this study. ,
The technique developed 1n this study can be applied two ways, First,

where the historical stage records are available, the historical Landsat data
can be used to establish the relationship between lake volume and lake stage.
In the second case, where the historical stage records are not available, the
historical Landsat data can be used to estimate the historical lake stage
after the lake volume and lake stage information becomes available in the
future,

General information on Landsat remote sensing system is presented in
Appendix A in this report. Computerized methods used for bounded area and

weighted sub-area cemputation are presented in Appendix B,

L e e
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INTRODUCTION

Florida Legislature passed the Florida Watar Resaurces Act of.1972,.which
astablishad five Water Managemont Districts {n the.state of Florida and re-
quired that each district should develop a Water Use and Supply Development
PYan that would take into account all factors involved up through the year .
2020, To mect the mandate cf this legislation tho districts have to use every
available technology and are looking toward National Aeronautics .and Space
Administration (NASA) remote sensing and Automatic Data Process (ADP). techniques
for major heip in solving the complex problems. Even though NASA is presently
invelved in considerable research in the area of water resources, much of this
work cannot be directly applied to the problems of the area. For instance,
the geology of the district with its sandy soil, shallow lakes, and large flat

marshland areas make the storage of adequate surface water difficult. These

_water conditions not only can produce severe water shortages during the winter

dry season which coincides with a period of high agricultural water demand,

but also can cause an acute problem of flooding during wet season. For instance,
the severe drought experienced in Central Florida throughout most of 1981 and
the beginning of 1982 brought increased attention to the long recognized.problem
of fresh water availability across the State. Much of the state's fresh water
supply is obtained from groundwater storage and natural lakes. Many of these
lakes reached record and near-record low levels during late summer of 1981 and
forced the imposition of the restricted water use practice for individual
households and municipal supplies as well as agricultural irrigation.

A typical basin in central Florida is the St. Johns River basin (as shown
in Figure 1) which encompasses approximately 11,430 square miles. The river
rises in poorly defined marshland west of Fort Pierce and Vero Beach in east
central Florida. It flows northward, roughly parellel to Florida's east coast
for 285 miles before merging into the Atlantic Ocean just north of Jacksonville.

Management of water resources in St. Johns River basin is the responsibility
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?s¢$ ‘ of St. Johns River Water Management District (SIRWMD), A close watch 1s

2t maintained over all water supplies, especially during drought conditions. .This ”
i s most commenly done through monitoring water stage, the watar hoight above ?
o fan. level. Although water stage 1s an important indicator, howaver, water

storage volume 1s a more critical parameter for precisa assessment of available

water. Volume can only be obtained if accurate data exists as to the lake

contours in conjunction with water stage. Such data rarely exists because of the
extensive time and cost associated with conventional transect survey methods of
- collecting such data and the fact that they are subject to change over extended

periods of time. Therefore, the management of water within the basin poses

o

many unique and difficult problems that warrant the use of recently developed

Landsat remote sensing techniques to help th~ district make realistic decisions

concerning water resources planning.and management.

The University of Florida, in cooperation with the St. Johns River Water
;.ii Management District, and NASA, Kennedy Space Center initiated a joint project

to deal with the district-wide Water Resources Investigations and Management

using Landsat Data. The Phase I of this study includes the lake volume determi-
é,“: nation. Recent]x applications of Landsat data to determine the ‘lake volume in
L Lake Okeechobee have been done by Shih (1980), and Gervin and Shih (1981). The
basic technique used in their study was to analyze the digital data from the
Landsat earth-orbiting satellite by using the General Electric's multispectral
image analyzer, the Image 100. In typical classification analysis, an area
where land cover {is known from ground observations is Jocated as a training site

on the image and its spectral characteristics are measured. Then all areas which

have similar spectral characteristics are identified and assigned a color and a

number code. The similar spectral characteristics are ~eferred to as the sig-
nature for that land cover type and the location of the color-coded pixels
possessing that signature is displayed on the CRT screen as a theme. Once the

signature is finalized, the pixels (picture elements) in the satellite scene
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which posses that signature (theme) can be counted. Thus, the area of that
signature 1s obuvained., A more detailed description of the Landsat data
analysis was presentad by Gervin and Shih (1981). The general information

on Landsat remote sensing systems 1s presented as Appendix A in this ree

port. Howaver, the previous studies required some ground truths of the vegetation
classification before a proper area could be estimated from each s’gnature.

In other words, the sole band which can be used to identify the land-water
boundaries directly without the ground truth information was not emphasized
well previously. Therefore, in this study, the image enhancement of sole band
with density sticing. technique wes used to determine the lake water surface
area.

In developing a new technique to be used fpr Lsndsat remote sensing appli-
cation, a groundtruth calibration is an 1mporf;:£ progé&ure to demonstrate *he
applicability of the new technique. Thus, computerized method: - = -+, - ¢
area and weighted sub-area computation were also presented in this study.

The genaral objective of this study was to demonstrate the application of
Landsat remote sensing techniques for determining the lake volume of Lake
Washington (Figure 2), and iake Harris (Figure 3). The specific objectives were:
1) to introduce the general information on Landsat remote sensing systems;

2) to introduce computerized methods used for surface area and sub-area
computation;

3) to develop a new method used to compute water surface area from the
Landsat data; and

4) to discuss the applicability of the newly developed method for lake volume

determination using Landsat data.
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MATERIALS AND METHODS
Two aspects are invelved in this section: remote sensing techniques
and groundtruth calibration. .
Remote Sensing Techniques

Landsat Remote Sensing Systems: The general information on Landsat
remote sensing system is presented as an Appendix A in this report. Nine

sections comprise Appendix A: 1) introduction to Landsat Remote Sensing
System; 2) Sansor, Band Designation, Wavelength, and Resolution which include
the Return-Beam Vidicon (RBV) Camera, Multispectral Scanner System (MSS), and
Thematic Mapper (TM); 3) Ground Receiving Stations; 4) General Electric
"Image 10)" System; 5) United States Distribution Center; 6) The Northeast
Regional Data Center, Florida; 7) University of Florida, IFAS Remote Sensing
Facilities; 8) Landsat Newsletters; and 9) Landsat Update Information.

As mentioned in Appendix A, Landsat passed over the same swath (185 km
wide) of the ground every 18 days during the period from January 23, 1972 to
January 22, 1975, after that the coverage period was 9 days except during the
period between January 6 and March 5, 1978 when the operation of Landsat 1
was ended and the Landsat 3 was not launched as yet. Among the sensors of
tLaﬁaﬁﬁts 1, 2, and 3}Qﬁu1t1spectra1 Scanner Systems (MSS) have provided the re-
mote sensing community with a preview of what.to expect from an operational
remote sensing satellite. Certainly, the MSS system is going to be replaced
by the Thematic Mapper system on Landsat 4 system. The MSS systems on Landsats

1, 2, and 3 are operated on bands 4, 5, 6, and 7 and another band 8 is also operated

in Landsat 3. The Thematic Mapper systems on Landsat 4 are operated on bands 1,

2, 3, 4, 5, 6, and 7. The Landsat 4 is planned to be launched during the summer

of 1982.
Before 1979, the Landsat data was stored on computer compatible tape (cCcT)
which was produced at the Goddard Space Flight Center Image Processing Facility

from wideband videotape recordings received by stations of the Satellite Tracking

S I - G- L OO}
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and Data Network. The image data are reformated on high density digital .
tape. Since 1979, a new system has been operated to shorten the processing
time. The user can have the tapes from the User Services Section, U.S.
Geological Survey, Earth Resource Observation System Data Center, Sioux
Falls, South Dakota, 57198 and the organizations'ment1oned in the

Appendix A.

As the Landsats have been in operation for more than nine years, a large
amount of data has been accumulated on the Lake Washington and Lake Harris.

In order to save image analyzing time, selection of useful tapes is necessary.
The procedure to pick up useful tapes can be summarized as follows:

1. Calculate the date of*which Landsats flew over the Lake Washington.

and Lake Harris.

2. Pick up the cloud free days from the .dates obﬁained in_the previous
step by consulting meteorology.

3. Pick up the various dates, when the water level is distributed from
low to high levels. In this step, for a given observation date the
lake water stage is required.

Using Landsat Data for Water Surface Area Measurements. As mentioned in the
Appendix A, the characteristics of band 7 provide best penetration through
haze and 1ight clouds and it also emphasizes live vegetation and land-water
boundaries. For these reasons, band 7 was chosen in this study for the lake
water surface area measurement.

The Landsat high density digital tapes of the chosen dates for the Lake
Washington and Lake Harris were analyzed on General Electric's multispectral
image analyzer, the Image 100. The Image 100 consists of two tape drives, for
inputting and outputting data; a color CRT screen which displays (512)2 pixels
of digital data; a memory for storing and refreshing the displayed image, and a
battery of programs capable of measuring, manipulating and highlighting the

satellite data. Because the spectral characteristics of a water body, vegetations
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T and ground are different, each characteristic can be identifiea and assigned. J
a color and a number code. The spectral characteristics are referred to as the ﬁ
]

signature for the land cover type and the location of those color-coded pixels

;
possessing that signature is displayed on the CRT screen (or mapped on paper) §
as a theme. Once the signature is finalized, the pixels in the satellite scene %
which possess that signature (theme) can be counted. In this way, maps and :
tabulations of areas that have similar spectral properties can be obtaiggd. '
The key element in this approach, lake surface measurement from Landsat was
accomplished by density slicing in the near infrared band 7. The density slicing

is a procedure used to carry out the enhancement of the remote sening data.

The density slicing is a digital approach which has the advantage of flexibility.

Any level or levels of grey may be selected on a photographic or electrical “?

imprint, with output via a 1ine printer, on a flat-bed or drum plotter, or directly

onto a photographic film writer, CRT screen. Quantization noise or spurious con-

Py

touring may result if the slices are not chosen carefully. For lakes having i
shallow depths and marshy shores as represented here, such measurements are |
highly sensitive to the upper limits chosen for band 7. The upper limit of 25
was selected in this study.

Lake Volume Computation: After lake water surface area was estimated by

Landsat data, the following equation was used to calculate the increase in lake

volume associated with a small increase in lake stage:

Veyp = Vg + 8h [(Ag + A, )/2] (1) o]
where Vs+l = lake storage volume at lake stage s + 1 in acre ft; j
Vs = Jake storage volume at lake stage s, in acre-ft; *
AS+1 = lake surface area at lake stage s + 1 in acres as { :
measured by Landsat data; %
. As = lake surface area at lake stage s as measured by
f Landsat data, in acres; and 1
T Ah = the range between lake stages.
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Because of the initial lake volume at s#1 is unknown, the V1-C is used,
where C is a constant.

Ground Truth Measurement

A contour map provided by the St..Johns. River Water Management District
was used to compute the surface area. A computerized method as presented in
Appendix B was used to compute the ground truth area measurement. In order to .
explore further potential applications of computerized methods for boundeéd
area and weighted sub-area computations the detailed computer programs for each

method are also presented as an Appendix B-in this report.




-11-

RESULTS AND DISCUSSION

Dates Selection

As presented in the previous section, three step procedures were used to
select cloud free dates associated with a wide range of lake stage fluctuations
for areas of Lake Washington and Lake Harris, Florida. The results for selected
efight cloud free dates of 9/6/72, 11/29/73, 2/27/74, 3/17/74, 6/15/74, 10/19/74,
2/9/76 and 4/11/76 were used for Lake Washington and those used for Lake Harris
were taken from four cloud free dates of 9/6/72, 8/31/75, 2/14/75 and 1/22/76.
The lake stages on those dates were also recorded.

Area Measurement

Lake Washington: The dates were rearranged as shown in Table 1 in the in-

creasing order of the lake stage. The Lake Washington water surface area at
those eight dates was estimated from the Image 100 after density slicing of the
band 7 was done and a theme for the lake water surface was assigned. A typical
color-coded classification result of water surface area for the Lake Washington
on date 10/19/74 is shown in Figure 4. The results of water surface area esti-
mated by Landsat data on those eight dates are shown in Table 1. The surface area
varied from 2,537 acres at the stage of 10.60 ft above mean sea level to 2,850
acres at the stage 15.85 ft. The stages are plotted against the water surface
area as shown on Figure 5 which can be used to estimate the surface area associated
with any stage between the measurements. For instance, the surface area is 2816
acres when the stage is 14.6 ft.

The ground truth measurement was made from the contour map provided by
the District using the computerized method as given in the attached Appendix B.
The computed value was 2,848 acres around the stage 15.85 ft. This is slightly
lower than 2,850 acres as estimated from the Landsat data. The difference seems to
be negligible in practical application. Furthermore, Connor and Belanger (1981)
reported that the Lake Washington water surface area was 2,851 acres at the stage

14,6 ft. But, the surface area estimated from the Figure 5 is 2816 acres at

e T W
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the same stage of 14.6 ft. The difference is about 1.2%. This difference is
hard to explain due to the lack of details associated with .the area computation
method used by Connor and Belanger (1981). However, this 1.2% difference is
considered within 1imits of an acceptable deviation from the standpoint .of
practical application.

Lake Harris: The dates were rearranged as shown in Table 2 in the in-
creasing order of the lake stage. The water surface area at those four.dates
was estimated from the Image 100 using the same procedure as used for Lake
Washington. A typical color-coded classification result of water surface area
for the Lake Harris on date 1/22/76 is shown in Figure 6. The results of water
surface aréa estimated by Landsat data on those four dates are shown in Table 2.
The surface area varied from 17,430 acres at the stage of 62.38 ft above the
mean sea level to 18,657 acres at the stage 63.30 ft. The stages are plotted
against the water surface area as shown in Figure 7. As Figure 7 shows, the
range of stage fluctuation during the study period was only about 1 foot. This
was mainly because the stages of Lake Harris are regulated well by the St. Johns
River Water Management District.

Storage Volume Determination

Lake Washington: The volume of lake was computed based on the method given

in equation 1. The initial volume of lake at the stage 10.60 ft was not
available. A constant volume designated as "C" was used as a lake volume below
the stage of 10.60 ft. The volume increments at each stage of measurement were
estimated. The results of the computed volumes are also shown in Table 1.

The volume between the stages 10.6 and 15.85 ft was about 14,352 acre-ft. The
Jake volumes associated with each 0.01 ft lake stage increment are also 1isted

in Table 1. The lake volume changes ranged from 26 to 28 acre-ft for each 0.01

ft increment in lake stage. The rate of change in Lake Washington volume in re-
Jation to lake stage increments appears to be a stablized condition. This implies

that the lake vzlume at other stages including stages below 10.60 ft, or above
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e T e N L R i W

o et St




P

|
~13~ i
i
16.85 ft could be roughly estimated based on the lake volume stage increment
relation obtained in this study. The computed lake volumes are also plotted )
against the lake stages as shown in Figure 8. This figure can be used to f
estimate the surface area associated with any specified lake stage between
the measurements.
Lake Harris: The same technique used in Lake Washington was also used
in Lake Harris, A constant volume designated as "C" was used as a lake
volume below the stage of 62.38 ft. The volume increments at each stage of
measurement were computed based on the method given in equation 1. The re-

sults of the computed volume, and the lake volume assoctated with each 0.01 ft

lake stage change are also listed in Table 2. The lake volume increment ranged
from 176 to 183 acre-ft per 0.01 ft chanée in lake stage. This rate of change
is considered to be quite a stablized condition and can be used to estimate -
the lake volumes for other stages including those below 62.38 ft, or above 63.30
ft. The computed lake volumes were also plotted against the lake stages as shown
in Figure 9 which can be used to roughly estimate the lake volume associated
with any specified lake stage between the measurements.
Further Applications
Based on the conclusions made from previous sections, the technique
developed in this study can be further applied in the following two cases.
First, when the historical stage records are available, the historical
Landsat data can be used to measure the water surface area associated with a
certain stage recorded. Consequently, the relationship between lake surface ‘
area and lake stage can be established. The lake volume as related to the lake
stage can also be estimated. Thus the district can directly correlate change
in lake stage with the available water volume. Second, the technique can be
applied to the case where historical stage records are not available, but the

current stage record is available or will be available in the future. The
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same ﬁechn1que as used in case 1 can be used to estimate both lake water
surface area and lake volume as related to the lake stage based on the
current and future Landsat data and stage records. Thus, the historical
lake stage and lake volume can he predicted based on the historical lake
water surface area which was estimated from the historical Landsat data.
Finally, an important action needs to be taken by the district is to

establish a stage recorder for the lake that does not have any stage informa-

tion. Thus, the application in above case 2 can be accomplished after.the ...

stage data is recorded.
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Table 1. Lake Washington volume computation based on the water surface
area measured from eight dates of Landsat data,

Lake Volume
Date g::gz . surfﬁg;e;rea b;fag;:nt 1n&rement
cefte- wemeACr@emes  eocemee. Acre fteeeeone
6/15/74 10.60 2,537 Cc* %
4/11/76 11.81 2,670 c+3,150 2
2/9/76 12.06 2,683 C+3,819 27
3/12/74 12.45 2,705 C+4,870
2/27/74 12.75 2,729 C+5,685 7
9/6/72 14.80 2,819 C+11,372 z:
11/29/73 14.84 2,827 C+11,482 28
10/19/74 15.85 2,850 C+14,352

* C is a constant volume below the stage of 10.60 ft.




Table 2. Lake Harris volume computation based on the water surface .
measured by four dates of Landsat data,

Lake Volume
Water Water erent. ;
Date stage surface area stages increment

weFtem  meeACPE=ms  =ecceccACre fte--eo--

9/6/72 62.38 17,430 cw 176
8/31/75 62.50 17,724 C+2,109
2/14/75 62.66 17,963 C+4,964 :::
1/22/76 63.30 18,657 C+16,682

*C is a constant volume below-the stage of 62.38 ft.
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Color-coded classification result of water surface area for

Lake Washington, Florida on October 19, 1974.
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1. Introduction to Landsat Remote Sensing System

Landsats 1, 2, and 3 were launched by National Aeronautics and Space
Administration (NASA) on July 23, 1972, January 22, 1975, and March 5,
1978, respectively, to gather data about the earth's surface and telemeter
those data to ground receiving stations. The operation of Landsat 1 was
ended on January 6, 1978. The Landsat 3 follows- the Landsat 2 by 9 days.
Landsat 4 will be launched sometime during the summer of 1982.

Landsats 1, 2, and 3 were launched .into a circular, near=polar orbit
at an altitude of about 919 km. They circle the earth every 103.27 minutes,
or roughly 14 times a day. Every 18 days the satellite passes over the

same swath (185 ki wide) of the ground. Landsat covers the earth's entire

surface area except the northernmost 10% and southernmost 10% area. The .
orbital inclination angle of 99.11° was selected that provides a "sun-
synchronous" orbit, so data collected are always at the same local time over
the same region. At higher northern latitudes the local time will be a few
minutes late as compared to the equatorial crossing time. Meanwhile, local
time at Tower southern latitudes will be a few minutes ahead. There is also s
a variation associated with the longitude, mainly because of the discrete
time zones used. The average equatorial crossing time for Landsat 1 was 9:42
a.m. ti11 March 1977, then it was changed to 8:30 a.m. Landsat 2 was initi-
ated with an equatorial crossing time of about 9 a.m. and then was changed to : .
9:30 a.m. in December 1977.

Landsat 4 will be slightly different from the first three Landsats. For
instance, the orbital altitude is 705 km and the earch coverage period is 16
days.

Landsat program is intended to establish the usefulness of relatively |
reflective multispectral imagery for earth resources study. The application

to the following areas has been investigated:




(1) agricultural production;

(2) water resources planning and management.;

(3) rangeland management;

(4) forestry management;

(5) land use and urban and regional plarning and management.;
(6) environmental conservation and management;

(7) geologic survey and mineral resource management;

(8) marine resource, oceanography, and coastal engineering;
(9) cartrographic and thematic mapping applications; and

10) disaster warning and relief options.

TR T DT R T e MV P e Ao
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I1, Sensor, Band Designation, Wavelength, and Resolution:
The type of sensor, band designation, spectral sensitivity range, and

spatial resolution used in Landsat are shown in Table 1. Three basic types

of sensors are involved:

A. Return Beam Vidicon Camera: A multispectral return-beam vidicon (RBV)

television system, that operates in three spectral %ass bands designated as
band 1, 2, and 3 is used on Landsats. 1 and 2. The wavelengths associated
with the bands 1, 2, and 3 are 0.475-0.575 um (blue-green), 0.580-0.680 um
(yellow-red), and 0.690-0.830 um (red-IR). The spatial resolution is 76 m,
Two panchromatic RBV cameras which replaced the three multispectral
RBV cameras on Landsats 1 and 2, are being used on Landsat 3. The wavelength
associated with this system runges from 0.505 to 0.750 micrometer (um), and
the resolution is 40 6;h Tgig‘éystem has linear resolution which is twice
as better and still provides approximately the same.areal coverage as com-
pared with the multispectral RBV cameras.

B. Multispectral Scanner System: A Multispectral Scanner System (MSS), that

operates in four spectral passbands designated as bands 4, 5, 6, and 7, is used

in Landsats 1, 2, and 3. Furthermore, band 8 is also used in Landsat 3 system.
The wavelengths associated with the bands 4, 5, 6, 7 and 8 are 0.5-0.6 um

(green), 0.6-0.7 um (red), 0.7-0.8 um (near IR), 0.8-1.1 um (near IR), and 10.4-
12.6 um (thermal IR), respectively. The resolutions for bands 4, 5, 6 and 7 are
76 m and for band 8 is 234 m. At the time of this writing (March, 1982), the band

8 is not operating satisfactorily. . -

Typical representations of the four bands of the Landsat Multispectral
Scanner (MSS) are used in this study. The characteristics of each band are
listed as follows:

Band 4: The band 4 emphasizes conditions of surface water bodies such as

sediment loads, shallowness, directions and relative rates of flow.

S S
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Band 5: The band 5 emphasizes cultural features and exposed soil and rock
surfaces and assists in the analysis of surface water conditions.

Band 6: The band 6 helps to distinguish between 1ive vegetation and land-
water boundaries.

Band 7: The band 7 penetratas best through haze and 1ight clouds and also
emphasizes 1ive vegetation and land-water boundaries.

C. Thematie Mapper: A thematic mapper (TM), that operates in seven passbands

designated as bands 1, 2, 3, 4, 5, 6, and.7 will be used on Landsat 4. The

wavelength associated with. the bands 1, 2, 3, 4, 5, 6, and 7 are 0.45-0,52 um

(blue), 9.52-0.60 um (green), 0.63-0.69 um (red), 0.76-0.90 um {near infrared),

1.55-1.75 ur (intermediate infrared), 10.4-12.6 um (thermal infrared), and

2.08-2.35 um (intermediate infrared), respectively. The resolution is 30 m

in all the bands except that the band 6 has a resolution of 120 m. Because of

the resolution improvement and wider range of spectrum, the Landsat 4 is ex-

pected to be a powerful tool for a Landsat remote sensing application.

i~ it nnd



111, @round Receiving Statiens

The U. S. National Aeronautics and Space Administration (NASA) operates
three Landsat tracking and ground receiving stations located at Greenbelt,
- Maryland; Goldstone, California; and Fairbands, Alaska. The ground.arca re-
ception coverage for any receiving station is about 28x106 kmz. In addition
to the U. S. receiving stations, existing foreign ground stations include two
in Canada and one each in Brazil, Italy, and Iran, Besides, Landsat data
outside the direct receﬁtion coverage areas of the existing ground stations
can be acquired and recorded on the wide band video tape recorders and then
subsequently transmitted to a ground receiving station when the satellite
passes by within the range.

After the data have been received, either by real-time transmission or
by tape recorder play-back, gfound receiving stations record the data as wide
band video recordings. These recordings are shipped to the NASA Image Processing
Facility (IPF) at Goddard Space Flight Center (GSFC). Video tapes from the
three U.S. stations are used to produce master 70 mm images from all Landsat data
collected by the multispectral scanner (MSS) for Landsatsl, 2, and 3. Second
generation negatives of all Landsat scenes are furnished routinely to three U.S.
Government distribution centers. Computer compatible tapes are produced by the

IPF only when user requests are received at the USGS EROS Data Center.
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IV, General Electrie's "Image 100" System S

The General Electric "Image 100" is a system which incorporates both

optical and electronic capabilities for cnhancement purposes. This system !

is one of the most advanced in photoanalyzers., The system is designed to ]

accept magnetic tapes with two tape drives and also contains & digitizer
for use with fiims. A minicomputer associated with the system is used to : ;
gather spectral data €rom known local areas and then compare data from other o
areas to decide whether the latter area meets the criteria as shown in the
known Tocal area. Classifications appear graphically on the cathode ray ‘
tube display and outputs includes the digital tape, colored CRT display, line
printer, and color film recorder.

Due to the very high price of this instrument, only the limited facilitias
are available within the United States. These facilities include such as USGS
facility at Sixoux Falls, South Dakota; Jet Propulsion Laboratory in Pasadena,
California; Johnson Manned Spacé Center, Huston, Texas; Goddard Space Flight
Center facility in Beltsville, Maryland; and University of Florida, Gainesville,
Florida.




V. . S, Distribution Centers

Currently, Landsat images are reproduced and distributed to users by
three Federal Data Centers operated separately by the U. S. Geological
Survey (USGS), the U.S. Department of Agriculture (USDA), and the V.S.
National Oceanic and Atmospheric Administration (NOAA). Tables 2

and 3 1ist the U.S. Data Centers and the sources of available image products.

Image products provided by the data centers are similar in scale, format
and type (Table 4). Interested users can request specific information on
characteristics of image products available from the various data .centers.
USGS EROS Data Center does provide CCT's and various accession aids to .users

that are not available from the other.Federal data centers.
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VI. The Northeast Regional Data Center, Florida

The NERDC 1s currently in the process of setting up procedures to handle
digital imagery facilities for its user community. As one part of this, we
are intersted in increasing the facilities and services available to users
of Landsat data bases.

LANDSAT DATA

If you are a current or future user of Landsat machine-readable data from
either the Multispectral Scanner (MSS) or Return Beam Vidicon (RBV) systems,
NERDC would 1ike you to share your data with us. \

Since the acquisition charge for .the computer-compatible tapes is $200
each, NERDC would 1ike to make as many of these as possible available to all

users. A copy of each tape that is made available will be placed in NERDC's

tape 1ibrary as a public reference volume available to all NERDC users. The ad-

vantages of sharing this data are that:
* 1t will make new data available to everyone;
* It will provide you with a working copy of your data maintained by the
NERDC at no cost to you.
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VIT. University of Florida, IFAS Remote Sensing Facilities

The General Electric "Image 100" located at NASA, Kennedy Soace
Center was relocated at the Institute of Food and Agricultural
Sciences (IFAS) remote sensing system, University of Florida, in January,
1982. About 1500 Landsat tapes came together with the Image 100 facility.
This system will start operating sometime in the summer of 1982. The de-
tailed information on operation and personnel involved will be given to all

potential users aruund the state.




k]

L L

-10-

VIIT. Landsat Newsletters

"Landsat Data User NOTES," a bi-monthly newsletter that presents
information about Landsat products, systems, and related remote sensing develop-
ments, is available to subscribers free of-charge.. Anyone.interested in
receiving this publication should contact:

User Services Section

U.S. Geological Survey

EROS Data Center

Stoux Falls, .South Dakota 57198

Another bi-monthly technical publication of interest to Landsat users
is the "LANDSAT Newsletter," which provides both current statistics and historical
data on satellite uperations, as well as related information on other earth survey

programs. This newsletter is available free of charge by contacting:

LANDSAT Newsletter

Missions Utilization Office
NASA/GSFC

Code 902.1

Greenbelt, Maryland 20771
(301) 344-8826

Users wishing to receive "Reflections," the quarterly newsletter of the
Eastern Regional Remote Sensing Applications Center (ERRSAC) at NASA's
Goddard Space Flight Center should write to:

Reflections

ERRSAC

NASA/GSFC

Code 902.1

Greenbelt, Maryland 20771

(800) 638-0748

Users with Landsat data to share or users desiring information about

NERDC's Landsat computer support services should contact John Young at

the NERDC or University of Florida, IFAS Remote Sensing Center.

e 2 .

o




e S =

IX. Landsat Update Information

According to the recent (March, 1982) information update for users of
National Oceanic and Atmospheric Administration's National Earth Satellite
Service (NOAA/NESS) satellite data, several subjects as related to.Landsat

EIRTE -3 IETI T SUC- SRR S VSRR AR S
i

are described as follows:

*

Landsat 2 problem: The Landsat 2 yaw axis momentum wheel has ‘opped.

This spacecraft has been the prime Landsat data collection platform. A pre-
vious difficulty with this momentum wheel was overcome and it was restored
to service in July, 1980. At the time of this writing (March, 1982), the .
satellite is not capable of collecting valid data. NASA is evaluating the

problem and making efforts to restart the wheel, but without success so far.

NASA regards the outlook for restoring the satellite to service as dim.

Landsat 3 problem: Variations in Landsat 3 multispectya1 scanner mirror
scan motions have been detected. They result in data loss on the left one=-
third of the picture. NASA has developed a ground processing correlation
scheme and implemented it from the Goddard Space Flight Center facility to N
preserve the right two-thirds of the picture. Poleward of 35°N or 35°S, ‘
provides contiguous coverage. | %

Landsat 4 system : So far no problems or delays have come up that would

interfere with the launch of Landsat 4 in the summer of 1982 or with the ini-

tiation of NOAA's operational Landsat 4 program on January 31, 1983. 1
The multispectral scanner will be the operational sensor when NOAA first

takes over the Landsat 4 system on January 31, 1983. It will take additional

months to implement routine Thematic Mapper operations. Presently, NOAA is

developing alternate Multispectral Scanner data acquisition schedules to find {

out which of them can be fitted to the engineering and cost constraints of the

Landsat 4 system. !

System output will be capped at 136 processed Multispectral Scanner
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scenes per day for the first year or two of operation. Disaster and

emergency events will have first call on this capacity and.speciel acqui-

sitions, for which requestors pay the full cost. Remaining capacity will

be used to collect the Multispectral Scanner Basic Data Set; scenes of

general interest acquired, to the extent possible, according to a published
plan. The MSS Basic Data Set will deal with the routine scene collection

objective of the operational system.

Special Acquisition signifies Landsat 4 MSS scene data that are not

scheduled for routine MSS Basic Data Set collection, but which are provided

upon users' request according to the following five categories.

1. Delivery of preprocessed digital data, to the requestor's site via
communication satellite; provided MSS scene collected at a time and
place specified by the requestor is available.

2. Delivery to the requestor of a frame of standard MSS imagery (not a
color composite); if MSS scene collected at a time and place specified
by the requestor is available.

3. Delivery to the requestor of a computer compatible or high density
digital tape; if MSS scene collected at a time and place specified by
the requestor is available.

4. Surcharge for delivery of a color composite to the user originally
requesting the special acquisition of an MSS scene.

5. Surcharge applied when the requestor establishes a maximum allowable

cloud cover condition for the collection of an MSS scene.
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Table 1. Comparisons of type of sensor, band designation, spectral
sensitivity range, and spatial resolution used in different
remote sensing systems.. oo .

“Type of “Band (NASA Spectral Spatial
Landsat sensor designation) sensitivity range resolution
1,2 Return Beam Band 1 0.475-0.575 um bTue-greeng 76 m . _
Vidicon Camera Band 2 0.580-0.680 um (yellow=red 76 m
(RBV) Band 3 .690-0,.830 ym (red-IR) 76 m
Multispectral Band 4 0.5-0.6 um (green) 76 m
Scanner (MSS) Band 5 0.6-0.7 um (red) 76 m
Band 6 0.7-0.8 um (near IR; 76 m
Band 7 0.8-1.1 ym (near IR 76 m i
3 RBV two cameras 0.505-0,.750 um (Panchromatic) 40 m ;
MSS Band 4 0.5-0.6 um (green) 76 m i
Band § 0.6-0.7 um (red) 76 m
Band 6 0.7-0.8 um (near IR) 76 m
Band 7 0.8-1.1 um (near IR) 76 m
Band 8 10.4-12.6um (thermal IR) 234 m
4 Thematic Band 1 0.45-0.52 um (blue) 30m 1
Mapper (TM) Band 2 0.52-0.60 ggreen) 0m
Band 3 0.63-0.69 um (red) 30m
Band 4 0.76-0.90 um 2near IR) 30m
Band 5 1.55-1.75 um (intermediate IR) 30 m
Band 6 10.4-12.5 gtherma1 IR) 120 m
Band 7 _2.08-2.35 gm intermediate IR) 30 m

3 aunch Dates:  Landsat 1, 7/23/72  Operation ended 1/6/78
Landsat 2, 1/22/75
Landsat 3, 3/5/78
Landsat 4, proposed Summer, 1982
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Table 2. Landsat data availabi1ity from U.S. Federal Data Centers.

—Agency _Source Materials
: U.S. Department of Agriculture Landsat Data
. USDA Aerial Photography
z Skylab Imagery
3 National Oceanic and Landsat Data
3 Atmospheric Administration NOAA Satellite Data
Skylab Imagery
USGS EROS Data Center Landsat Data
' NASA Research Photography
USDA Aerial Mapping
Photography
Skylab, Apollo and
Gemini Imagery

B st
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Table 3. EROS Data Center Imagery Holdings.

P —— e ey ——t S s

Data Types

Current Number

of Frames

Landsat I & II
(MSS & RBV)

1,067,000

Skylab, Apollo and
Gemini Imagery

50,800

NASA Research
Aircraft Imagery

1,420,000

USDI Aerial
Mapping Photography

3,123,000

Total

5,660,800
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Table 4, Summary of Landsat image products available at EROS Data E
Center (ED), ;

SIZE FILM PRODUCTS f

70 mm Black & white; positive and negative

products (scale 1:3,369,000)

o" x 9" Black & white; positive and negative
products (scale 1:1,000,000) J

" x 9" False color composite: positive
product only (scale 1:1,000,000)

PAPER._PRODUCTS

(Positive only)

S g x 9" Black & white and false color composite
(1:1,000,000 scale)

20" x 20" Black & white and false color composite
(1:500,000 scale)

40" x 40" Black & white and false color composite
(1:250,000.scale)

PINPSPP 0P DAL VP

i e it i e 50 it i

. e
U PR TS IS - PP-Y

At el




JERE PURL PO S A PUE RN L

APPENDIX B:

COMPUTERIZED METHODS FOR BOUNDED AREA
AND WEIGHTED SUB-AREA COMPUTATIONS
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ABSTRACT

The methods of computing area from maps are classified under two .
categories: (1) bounded areas, and (2) weighted sub-sreas. Pioneering
methods of planimeter, coordinate squares, triangular rule, trapezoidal
rule, Simpson's rule, double-meridian-distance (DMD), coordinates, and
digitizer are compared with the relatively easy methods of weighing technique
and finite segments, and also with a recently developed Monte Carlo
process.

The bounded area which is used extensively in computing area of land
use can be obtained by any one of three methods: graphical, arithmetical
and computer. The graphical method includes four techniques: weighing,
planimeter, coordinates squares and digitizer. The accuracy of this graph-
jcal method is highly dependent upon the skill of the analyst and the
correctness of instruments. The arithmetical method involves three rules:
triangular, trapezoidal; and Simpson. ‘The accuracy of this arithmetical
technique {s dependent upon the number of offsets used to divide the entire
region. If a region is of very irregular shape and of large size, then this
arithmetical method is very tedious and cumbersome to use. The techniques
of double-meridian-distance, coordinates, finite segments and Monte Carlo
are introduced by using a computerized procedure. The signs of latitudes,
departures, and starting point are easily confused in the methods of DMD and
coordinates. Finite segments can overcome some limitations such as a figure
having some inactive areas within the figure, but it is also strongly dependent
upon the direction used to select the boundary nodes. Monte Carlo is only
a method which is independent of the direction and can be used in any compli-

cated form of figure.
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The weighted sub-area which 15 used widely in computing the areas
weighted to a measurement station can be obtained by any one of the four
techniques: simple arithmetic method, Thiessen method, stratified method
and modified Monte Carlo method; however, the modified Mante Carlo method
can be simulated directly by the computerized procedure and also has been
applied successfully to compute the weighted area to each measured station.

Finally; from this study 1t can be concluded that the weighing technique
is relatively easy to use in the laboratory; the finite segments method is

a quick computerized procedure when the direction of selecting boundary

points are correctly performed; and the Monte Carlo process is more applicable .

and powerful than other computerized methods because this method is not only
independent of the direction used to select the boundary nodes but also
applicable to any complicated form of figures with arbitrary signs of lati-

tudes, departures and starting points.
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INTRODUCTION

The computation of an area of Jand is most frequently used in several
fields of water resourca systems. Area calculattons of interest to water
resource workers include land use estimation, water quality, ecological
systems, stratified sampling programs, etc. Pioneering methods used in
computing area from maps, (hereafter the area computations are only re-
ferred to the area computed from the maps), are those of planimeter, coordi-
nate squares, triangular rule, trapezoidal rule, Simpson's rule, double-
meridian-distance (DMD), and coordinates (Brinker, 1969). Recently, a
digitizer was also used (SAC, 1972). However, if an area is very irregular
in shape and/or is of large size or has inactive areas within its boundaries,
then the previous methods are very difficult to adapt to a computerized
prdcedure. Hence, there is a need to introduce some other practical methods
from which the area can be calculated directly, either by the computerized

procedure or by a weighing machine.

OBJECTIVES =~ * ™~
The.purposes of this study are:
1) To discuss the existing methods used in computing areas;
(2) To introduce two relatively easy methods of weighing techniques
and finite segments, and a recently developed Monte Carlo process,

together with their ranges of application, and

(3) To compare the advantgges and disadvantages of each method.

DESCRIPTION OF METHODS
The methods of computing area from maps may be classified under two

categories: (1) bounded area and (2) weighted to sub-areas.
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BOUNDED AREA
The bounded. area has been widely used in determining the area of land
included within the boundaries. The area to be measured can be obtained by
any one of the following methods:
1. Graphical Methods: The area is measured by using instruments such as:
planimeter, coordinate squares counter, digitizer and weighing machine.

a. Weighing Method: A weighing machine used in a laboratory can be

employed to obtain the area. Three procedures are involved: First,
a ratio between a known area and weight must be procured from a
control unit. Second, the weight of an unknown area is weighed.
Third, multiplying the weight of an unknown area by the ratio which
is obtained in the first procedure gives the area of an unknown
figure. The nonuniform thickness of the paper and changing humidity
can affect significantly the accuracy of measurement.

b. Planimeter: The planimeter is the commonest way of checking the area
of a figure. It is a small instrument consisting of an arm, carrying
a tracing point, which is moved over the outline of the figure to be
computed. Poor setting of the planimeter scale bar, and failure to
check the scale constant by tracing a known area, can cause an error
of measurement.

¢. Coordinate Squares: The figure is marked off in squares of unit area.
The number of complete unit square included is counted, and the sum
of the partial units are also estimated. A transparent paper marked
in squares to some scale is placed over the figure and the number of
squares and partial units counted. The number of squares can also be

counted by a mechanical dot counter or a transparent paper dotter.
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Using coordinate squares which are too large makes it difficult to

estimate .the partial blocks and could cause an error in computation.

d. Digitizer: A digitizer is a device used to convert {nformation in
graphic form into numerical intelligence suitable for processing,
recording, or transmission on a digital data system. After the (x, ¥)
coordinates of each point on the outline of the figure i{s recorded,
the size of the plane area also can be computed. This method is highly
dependent upon the direction used to digitize the boundary coordinates.

1. Arithmetic Methods: A figure can be divided into geometr1c$1.shapes
(triangles, trapezoids, and rectangles), and the following rules can be

used to compute the area:

a. Triangular Rule: A figure may be divided into simple triangles.. The .

ares can be computed by the formula:

Area = /5(5-a)(S-b) (S-¢) . (1
where

a, b, and c are the. sides of the triangle

s =0.5(a+b+c) (2)
Another formula is used when an angle between two sides is known,

Area = 0.5 a b sin C (3)
where C is the angle included between two sides a and b.

b. Trapezoidal Rule: If the figure is considered as made up of a series

of trapezoids, all having the same base, the area can be determined

based on the formula

d

Area = 7 (hy +2zh+ hb) (4)

where

d = common distance between offsets and
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ha' hb' and h = first, last and intermediate offsets.

c. Simpson's Rule: For generally parabolic areas, Simpson's one-third

rule as follows is applicable to obtain the size of the plane area. §

e d : *
Area 3 (ha +2chyqtéce heven + hb) - (5) ! i
where o

d = common distance between offsets,

ha’hb’hodd and heven = first, last, odd and even offsets.

Furthermore, if the figure is very irregular in shape, then the ' *

arithmetical ‘method is very difficult to adapt by a computerized procedure. S

Therefore, the following computerized methods. are introduced:

I1I. Computer Methods: The following four methods can be performed by the

gomputerized procedure.

e o it e 2 2T

a. Double-Meridian-Distance (DMD): The DMD of a traverse line is twice

the distance from a meridian through the most westerly station to the
middle point of the line. The double éreas of all of the trapezoids
may now be found by multiplying each DMD by the adjusted latitude

of that side. The area obtained by plus latitudes and minus latitudes-
should be considered as a positive and regative area, respectively.

The sum of these double areas will be double the area of the figures to
be measured. The disadvantages of this DMD method is that the signs

of DMD's, latitudes, departures, or areas are easily confused.

b. Coordinates: The area is equal to one-half the sum of the products
obtained by each x-coordinate by the difference between the adjacent
y-coordinate, taken in the same order around the figure. Similar to
the OMD method, the signs of coordinates, latitudes, departures, or

) areas are easily confused.
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If the signs and starting point are recorded carefully and
without any inactive areas within the figure, the above two methods

can be used quite satisfactorily by using a computerized procedure;

however, in practical application the above methods can accrue. . ... .

difficulty such as an inactive area included within the figure.
Therefore, the following two methods which can overcome the

1imitations are introduced.

.Finite Segments: The boundary of a figure is defined by a series of

linear segments between node points. The clockwise or counter-
clockwise direction used to record (x, y) coordinates is dependent
upon the figure either to be active or inactive, respectively. The

area is obtained by the following formula:

M=-1 Yiiq + Y Ye + Y
- . i1 ¥ ¥4 oy ) M
Area 151 (xm Xi) -__E?_-——'+ (xl xM) " (67

where X5 Y4 = coordinates of boundary nodes;
i = boundary segment index; and
M = total number of segments.

Monte Carlo Method: The Monte Carlo method is a procedure which takes

advantage of the high speed of an electronic computer in solving complex
problems in physical and mathematical fields. Monte Carlo appiications
in the field of science and engineering are summarized in books by
Hammersley and Handscombe (1964) and Shrieder (1967). This method
involves enclosing the figure to be measured within a rectangular

area and by generating random numbers choosing points randomly distri-
buted throughout this rectangle. The proportion of these points

falling within the figured area is, in the limit, the proportion of

the rectangular area contained within the figure. But, in practical
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application, the previous method has some limitations which were

removed by Shih and Hamrick (1974).

To Determine Whether a Random Point is Within or Without the
Watershed:

Shih and Hamrick (1974) developed an alternative test
based on the principie that for any completely bounded region,
a radial line constructed in any direction from a given point
must cross the boundary an odd number of times if the point is

located within the region or an.even number nf times

if without (assuming zero to be an even number). This test is
ambiguous only in the case of node points (the intersections
of straight line segments representing the figure boundary).
They also developed a second rule with.a computerized technique
for solving the ambiguity that exists when the radial line
penetrates the boundary at the nodé point.

Procedure of Computation:

Based on the technique described in the previous section,
the following procedures are used to obtain an analog of any
shape of figure.

(1) Enclose the irreqularly shaped boundary with a rectangle
whose coordinates are also recorded.

(2) Read the X and Y coordinates of the boundary segments.

(3) Compute the weighting factor of each boundary node according
to Rule 2 (Shih and Hamricl, 1974).

(4) Generate random points with uniform probability over the

enclosing rectanale.

R i i s st Bk e i o
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(5) Draw an imaginary 1ine from the random point and parallel

to the x-axis.

(6) Count the number of intersections of this 1ine with the

boundary

.
il Mliian o a1

(7) Test whether the random point falls within the boundary
according to Rule 1 (an odd or even number of inter-
sections).

(8) 1If the above test succeeds, increase the counter of accepted

points by one.

e mme f e e omn e

(9) Repeat the processes of 5, 6, 7 and 8 until the number of points
assigned is reached.
(10) Compute the area by dividing the accepted points by the total
number of random points, and multiplying this ratic by
the enclosing rectangular area.
The above procedure is simulated as a flow chart shown in Figure 1.

Selecting Bouridary Segments

The boundaries of a watersied can be defined by the given
coordinates of successive points along the boundary (in a clockwise
direction) and considering the boundary between each pair of successive
points to be a straight-linear segment. The actual boundaries could
be approximated as closely as desired by intfeasing the number of
such-sagments; but, the user should note that the more segments chosen
the more computing time and user's time are required. A later
example will show the effects of many irregularities of natural
boundaries such as lake shorelines and the watershed may be averaged
by reducing the boundary planform to a simplified polygon. The

general principle of this procedure is to represent the planform

. . -yt e vy -y
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Figure 1: Flowchart for Solving Integrated Area

Read Boundary Points
"-----r"'-'--l

Compute The Weighting Factor
of Each Boundary Point

Generate Random Point

™| With Uniform Probability

Compute The Number
of Intersections Along
Either side of x Axis

Increase Counte
of Rejected
Points by One

The Number of
Intersectionsis
0dd

Increase Counter of
Accepted Points by One

Check If
Number of Random Points
Generated is Reached The
Number Assigned

yes

Compute The Area
Print The Result

End
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with as few sides as possible without changing the basic shape of
the boundary.

iv.. Converqence of Weights
Because the Monte Carlo method relies on the laws of probability,
a large number of random trials should be taken in the interest
of precision. The method normally used to estimate the relationship
of sample size and accuracy is the large-sample normal approxi-
mation. Using the Central-Limit Theorem, the binomial distribution
can be approximated by a normal distribution for a large N, where
N is the total number of trials. The sampling error of any statistic
is proportional to 1/(N)]/2. The convergence of the Thiessen
weights is a statistical convergence i.e., the probable error of
estimation is proportional to 1/(N)1/2. A detailed discussion was..
given by Shih and Hamrick (1974).
WEIGHTED SUB-AREAS
The average amounts of environmental elements such as water quality, 4
ecology system, and land use, etc. over a specific area is required in many
water resource problems. Thus, mean value problems can be solved by sampling
techniques. For convenience let variables As oons Ags and X3, <..y Xy be the
subareas and measured values of stations 1, ...k, respectively. Then the
estimated weighted .average amounts for the region are
k
X = wa] + ..+ wkxk = ?51 WXy (7)
where Ni = Ai/A, weighted area; and
AxhAy+ ... ¢ Ac» total area.
In most cases the values of X; are obtained first by laboratory experiments

or field measurements, and then the values of wi are estimated based on the
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following four methods:
I. Simple Arithmetical Method: The values of A, are assumed equal'to one,

Equation 6 can be rewritten as

k
X=z X;/k (8)
i=

)
Equation 8 is the simplest method which can give a good estimation of - A
average value in a flat area under the condition of measurements that
are uniformly distributed and the individual measurement does not vary

widely from the true average. However, this methnd does not take into

account the measurements outside, but near the boundaries of the area.

I1. Thiessen Polygon Method: Thiessen (1911) developed a method which attempts
to allow for nonuniform distribution of measurements by providing a 3
weighting factor for each measurement. The measured points are plotted
on a map, and connecting lines are drawn. Perpendicular bisectors of
these connecting lines form polygons around each measured point. The
sides of each polygon are the boundaries of the effective area assumed i
for the measured point. The values of A; are determined by the methods !
indicated in the section of bounded area computation. However, the
1imitation of this method is its inflexibility; for instance, a new
polygon. being required every time there is a change in sampling location.
Also, the method makes no attempt of overcome the orographic influences. ‘

111. Stratified Method: This method is a plan by which the region is divided S 7
into homogeneous subregions or strata. In computing a strata the analyst
can make full use of his knowledge of orographic effects or other
influential factors. After constructing the strata, the following equation

is used to calculate the mean values, X,
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where
M = total number of strata
ky = total number of observed stations in the 1th stratum
1,J = index of stratum and observed station, respectively; and
Wiy = observed value of the jth station in the {th stratum
The values of A1J can be determined by either simple arithmetical method
or the Thiessen method. If a simple arithmetical method 1s used, then
equation 9 is reduced as
X= g Wy (10)
i=1
where

Wy = Aj/R, weighted area of the ith stratum; and

7} = §11 xij/ki’ average observed area of ith stratum.

If a Thiessen method is used to perform the subpolygon for each station
xij, then equation 9 is used to calculate the weighted area. The greatest
limitation of the stratified method is also {ts inflexibility.

Modified Monte Carlo Method: As indicated in previous sections, the
Thiessen polygon and stratified methods suffer from their inflexibility

in that a new Thiessen diagram is required every time there is a change

in the sampling location or a recorded station with missing data. This
1imitation can be overcome by the modified Monte Carlo method (Shih and
Hamrick, 1975).
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a. Procedures of Computatien ]

The -following procedures are used to compute an area weighted to

each measured station:

1. Compute the weighting factor of each boundary node which relies
on the procedures 1, 2 and 3 as indicated in the previous section '
of the Monte Carlo method. *

2. Determine whether a random point falls within any shape boundary ’ %
which is based on the procedures 4, 5, 6, 7 and 8 as indicated
in the previous section of Monte Carlo method.. %

3. Assign the ) andom point which is falling within the boundary to

" the nearest measuring point.

4. Repeat processes 2 and 3 until a predetermined large number of g 3
points are reached.

5. Compute the relative area ratio of the bounded region to the
enclosing rectangle by dividing the number of accepted points by 5
the total number of random points.

6. Calculate the computed weights of each measuring point by dividing
the number of points assigned to each measuring point by the
total number of accepted points.

7. Check whether the sampling location is changing,

8. If the response td 7 is yes, the processes from 2 to 7 are repeated.

—— b .“'a’

The above procedures are simulated in.a flow.chart in Figure 2. .

b. An Irreqular or L-Shaped Watershed

An expected accuracy of computation by this Monte Carlo method
depends upon not only the number .f random points, but also the shape {
of the watershed. The number of random points that affects the sample

error has been discussed in a previous section. However, the
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§ %“§ efficiency of this Monte Carlo method affected by the shape formed
by the watershed.should also be discussed because a large number of §
random points fall off the outside boundaries of the watershed S "".f_"_"m? '

which differs greatly from that of the enclosing rectangle. This

difficulty can be overcome by following three techniques:
1. Equal Rectangles: A watershed is enclosed by a number .of e
é = smaller rectangles of equal area that have.a common edge

which cuts the watershed. In order for this method to be

used more widely, the following relationship should be

introduced. Let A1. oo An be the relative area ratio
falling within the boundaries of sub-watershed 1, ..., n.

Then the new relative area ratio, Ry, ..., Ry, of sub-

watershed 1, ..., n are equal to _ j

n
: : (1) )
R T A | '
- z Sy -
n = A/ I A

: The final computed weights, Wy, ..., Wo, of rainfall stations
EA;~ 1, ..., M are equal to ;
L )

=t MEn .
: : (12) |

. n .
*n 8151 R1 Eim

é'af where Eij is the computed weight of rainfall station j in

subrectangle i; j includes the rainfall station from 1 to

m and 1 includes the subrectangle from 1 to n. For example, /
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m is the total.number of rainfall stations and n is the total

number of subrectangles.

11. Unequal Rectangles: The technique of unequal. rectangles is : j
similar to the equal rectangles method except that the water- o
shed is.enclosed by a number of smaller unequal rectangies. ‘
Let 51. ceey sn represent the area of enclosing rectangles I ‘“j
Ty «vvs N3 Ay, wolAand Ry, ooouRy are defined in the case

of equal rectangles. The value of Ry is

n .
[3] = Als-l/ii]eiSi ;
. . (13)
. n o
Ry = ASp/ 2 Aisi
i=1
The final computed weights, Wy, ..., W, of rainfall stations,
1, ..., m, are similar to equation 12, except that the R;
values are replaced by equation 13.

ii1. Single Rectangle: The more random points chosen, the greater

the accuracy of the estimates obtained. Therefore, in a
watershed which has a lower relative area ratio, the single-
rectangle technique is still applicable by increasing the
random trials. A detailed technique of application was given | )
by Shih and Hamrick (1975).
c. MNew Thiessen Coefficients for Missing Data

As Linsley et al. (1958) indicated the greatest limitation of the
Thiessen method is its inflexibility, because a new Thiessen polygon
is required every time there is a change in the gage network. This

modified Monte Carlo method can be used to overcome this limitation.
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In general, there are two cases of missing data. Case 1: The missing
data of each rainfall station are priorly known, and any missing periods
of record are assigned as a new station set. The distance of a random
point from all rain measuring stations is calculated simultaneously in
each station set, and the random point is assigned to the nearest rain
measuring station in each set. Case 2: The missing data of each rain-
fall station is posteriorly known, i.e., how many stations with missing
data are unknown. In this case, if a station with a missing record is
found, then that station is omitted and a new gage network is considered.

Based on this new gage network, a computed weight is performed by a re-

peating procedure. A detailed description of these procedures will be

discussed in the section of computer program.

COMPUTER PROGRAM

Based on Equation 1 of finite segments, procedures for computation in
Monte Carlo and modified Monte Carlo methods, a systematic flow chart for
the computer program development is shown in Annex 1. Nomenclatures for
the computer program are listed in Annex 2. The systematic flow chart
was converted to a computer program for the CDC 3100 computer with Fortran
IV language. The users manual for the COC 3100 program is also presented
in Annex 3. The computer programs are listed in Annex 4. If the other
computer systems are used, some.-modifications of the computer program

might be needed.

EXAMPLE OF APPLICATION
A example is used to illustrate the application of computing the

bounded and weighted sub-areas.
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In order to test the applicability of these newly developed techniques,
an irregular area as shown in. Figure 3 not only has inactive areas within the
figure, but also can be calculated easily by the triangular rule. As mentioned

in the previous sections, the direction used in setting boundary nodes is a

———"very important feature in some methods, because an improper procedure can cause

a serious error. In order to investigate this nature, as Figure 3 illustrates,

four different sequences used to select the coordinates are demonstrated:

Case 1A: 1-2-3-4-5-6-7-8-9-10-6-11-12-13-14-11-5-1,
Case 2A: 1-2-3-4-5-6-10-9-8-7-6-11-12-13-14-11-5-1,
Case 1B: 1-2-3-4-5-6-7-8-9-10-11-12-13-10-9-14-6-5-1,
Case 2B: 1-2-3-4-5-6-14-9-10-13-12-11-10-9-8-7-6-5-1.

Based on these four cases, several methods are used to obtain the areas. The
results are shown in Table 1. As can be seen from Table 1, the cases of 1A

and 1B have a serious error by using the methods of finite segments and
digitizer. The results of areas calculated by the Monte Carlo method with

2000 random walks are all the same values in four cases. This implies that

the technique used to select the consecutive points along the boundary in either
a clockwise or counterclockwise direction, or a combination of both directions,
gives no difference in the results obtained by using the Monte Carlo method.
This is a very useful tool when the directions used to select the boundary

nodes are mixed up in both directions. The accuracy of Simpson's metiod is

directly proportional to the number of divisions. For example, the number of

eight and ten offsets as shown in rigure 3 are called Cases 1 and 2, respectively.

The calculating results are also shown in Table 1. As Table 1 shows, Case 2
has a better solution than Case 1. The results obtained by the coordinates
and weighed method give a good agreement with the results obtained by the

triangular rule.

i .._
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Fig. 3. Area Under an Irregularly Shaped Form.
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Table 1. Comparison of the results of bounded area obtained by Monte Carlo
method. with other methods.

Graphical Method Arithmetical Method |Computerized Method ?'

Diff. Coordinate igitizer Weighed| Triangular Simp. onte Finite
Cases Squares Method Method Rule Rule Carlo Segments ;
g . :
1A 16.97 34.03 17.18 17 18.3 17.06 35 P
2A 16.97 17.03 17.18 17 17 17.06 17 j
18 20.84 29.82 19.98 21 20 20.81 29 E
28 20.84 20.92 19.98 21 21 20.81 21 )
{
1
5
o
1
i
i

T - - T T e e e T {



After applying the techniques to several practical problems, the following ;

conclusions were drawn:
1. The accuracy of the graphical method is highly dependent upon the

RESULTS AND DISCUSSION ;

skill of the analyst and the correctness of the instruments. Although
the results obtained by the coordinate squares, planimeter and
weighing technique are in good agreement with the results obtained

by the triangular rule, some observations must be mentioned. For
example, the nonuniform thickness of the paper and vary%ng humidity
can significantly affect the accuracy of weighing measurement. Poor

setting of the planimeter scale bar, and failure to check for the

scale constant by tracing a known area, can cause an error of
planimeter measurement. Using coordinates which are too large make j
it difficult to estimate the partial blocks from which an error of 3

computation can occur. The cases of 1A and 1B will have a serious

error if the digitizer is used. These results show that the digitizer 1
is highly dependent upon the direction used to digitize the boundary

coordinates.

The accuracy of the arithmetical technique is dependent upon the number
of offsets used to divide the entire region. Case 2 with ten offsets
has a better solution than Case 1 with only eight offsets. If a

region has a very irregular shape and large size, then this arith-

metical method is very tedious and cumbersome to use.

The signs of latitudes, departures, and starting points are easily

confused in the methods of DMD and coordinater. Although finite
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segments can overcome some limitations such as a figure having some

inactive areas within the figure, as Case 1A and iB shows; it is strongly
dependent upon the direction used to select the boundary nodes but
also applicable to any complicated form of figures with arbitrary sign

of latitudes, departures and starting points.

4. The modified Monte Carlo method has been successfully applied to compute
the weighted sub-area. The result also indicated that only the modified

Monte Carlo method can be simulated directly by a computerized procedure é

"to compute the weighted sub-area to each measured station.

5. The modified Monte Carlo method can be applied to compute the weighted

sub-area not only for rainfall stations but also for any type of

estimating mean value over a specific area. For example, an average
of nutrient concentration within the Take can also be computed based

on the modified Monte Carlo method.

T

6. The-medified Monte Carlo method has been extended to compute the new

weighting factors when data are missing.

D ok e e ol
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: Annex ).. Systematic Flow Chart For Computer Program Development |

START

READ INPUT DATA
METHODOLOGY SELZCTION
TITLE OF INPUT IDENTIFICATION *

IS
END 0; JoB

R o

. 1S
CALL SUBROUTINE | FINITE SEGMENTS

FINITE SEGMENTS METHOD |
™1 METHOD USED TO USED \
COMPUTE AREA 1
- CALL SUBROUTINE |
MONTE CARLO |

METHOD USED TO
= COMPUTE AREA j
’ -y
MODIFIED MONTE CARLO METHOD -
USED TO COMPUTE AREA AND | i
_ THIESSEN COEFFICIENTS ;

ORIGINAL PAGE 1S
OF POOR QUALITY
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Nomenclature For Computer Pragrams.

variables of Input:

IN

TITLE

M
NSET
XMIN
XHAX
YMIN
YMAX
FAC

X
Y
AX
AY

variables of

AF
AREA

WF(1)
FACT
SUM

L]

Methodology indicator, the finite segments mothod used
1 = Finite Segments Method Used

2 = Monte Carlo Method Used

3 = Modified Monte Carlo Method Used

0 = End of Job

Input data identification

The number of boundary points chosen

The number of measuring stations.

The number of Monte Carlo Points assigned

Minimim range in X axis

Maximum range in X exis

Minimum range in Y axis

Maximum range in Y axis

The scale of feet used in per unit of length, 2ero means
the dimensionless of area

X coordinate of the boundary point

Y coordinate of the boundary point

X coordinate of the measuring station

Y coordinate of the measuring station

Output:

Relative area ratio

Total area in acres

Measuring station identification
Thiessen coefficicnt of station I

Area converting factor in unit of acres
Tota) area in acres computed by finite segments method.




; Annex.3.-_lisers Manual

For Program to Compute the Areas and Thiessen
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Carlo and Modified Monte Carlo Methods
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Program Limitations

1. Limit of 400 boundary points per araa

n

2., Limit of 500 measuring station per area

Requisition for .Computar Work

Estimated Time - 5 seconds is needed in Finite Segment per area,
15 seconds is needed in Monte Carlo method per 1000 random points.

20 seconds is needed in Modified Monte Carlo Method per
1000 random points

Category =« Production run

Disk - 6000

FORMAT INFORMATION

Symbols used to indicate the nroper method for numbers or letters entered
in card columns shown are : j
RJ - indicates that a whole integel number must be right justified
in card columns shown
DP - indicates that. the number must have a decimal point indicated in
one of the card cnlumns,

A .-..any alpha-numeric character,

CARD FORMAT INFORMATION

First Card: Contrul and Parameters Card

C.C. Symbol Description

1-5 RJ An inteqral value is required. 1, 2, and
3 indicate that the finite segments, Monte 0
Carlo, and Modified Monte Carlo are used,
respectively.

11-80 A Title Input data identification.

s sl ol e et




L3 [0 LA

o Second Card: Parameters Card
¢.C.  Symbo Description
iype I: when the integer 1 is shown in first card on.
. column §
o 1-10 RJ Total number of .boundary points
é i 11-20 oP Scale of feet used in per unit of length
?; Type Il: When the integer 2 is shown in first card on
o column §
B 1-10 . Rd Total number of random points assigned
'f. 11-20 RJ Total number of random points assigned ‘?

- 21-30 op Minimum value of enclosing rectangle '

. coordinates along X-axis

- 31-40 oP Maximum value of enclosing rectangle
; coordinates along X-axis

;_f' 41-50 . ... .DP. Mivimum value of enclosing rec.sngular X

_ ;' coordinate along Y-axis ,

a 51-60 pp Maximum value of enclosing rectangular

. coordinate along Y-axis
:, 61-70 pp Scale 4 feet used in per unit of length
r . 'g
- Type 111: When the integer 3 is shown in first card on
i column 5
- 1-10 RJ Total number of boundary points

- 11-20 RJ Total number of rain measuring stations. | q

- If a relative area ratio of study area '

- to enclosing rectangle is expected,only ‘ :
: the value of 1 should be used. : J
: 21-30 RJ Total number of random points assigned.

i 31-40 pp Minimum value of enclosing rectangular
: coordinate along X-axis
-$; : 41-50 DP Maximum value of enclosing rectangular
- coordinate along X-axis
51-60 ppP Minimum value of enclosing rectangular |
coordinate along y-axis 1
61-70 DP Maximum value of enclosing rectangular

o coordinate along Y-axis }
ol 71-80 opP Scale of feet used in per unit of length i




-

)
. :
g
g -31- . |
: f% ﬁ Third Card:  Boundary Points Coordinates Card(s) |
E c.C.  Symbol Description !
L 1-5 OP
i 11-15 DP
e 31-35 oP §
i x coordinate value of boundary segments coL
L 41-45 DP choosing in clockwise direction :
51-55 oP :
61-65 oP B
71-75 DP
6-10 oP
B 16-20 DP i
e 26-30 DP
i 36-40 DP :
4
46-50 DpP y coordinate value of boundary segments :
choosing in clockwise direction. |
56-60 DP e ‘
66-70 DP j
{ ]
76-80 DP ; ﬁ
1
. i
3 Note: The maximum boundary points included per card is only 8 peints. Therefore, {
T the card can be used as much as required in number of stations. For ]
3 example, 7 cards are needed in 50 boundary points.

-
T
° s
: o H
o B — — —-
. °© . " .
e pamm e 20
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Measuring Stations Coordinate Card(s): This card is required only when the

c.C.
1-5
1-15
21-25
31-35
41-45
51-55 .
61-65
71-75

6-10
16-20
26-30
36-40
46-50
56-60
66-70
76-80

Note 1:

Note 2:

integer 3 is shown in the first card
on column 5. .. - .

Symbol Description
oP
DP
DP
DP
DP x coordinate of rain measuring station
oP
oP
DpP

DP
opP
opP
DoP
P
oP
DP
DpP

.y, cogrdinate of rainfall measuring station

The maximum measuring stations involved per card is only 8 stations.
Therefore, use as many new cards as necessary.

Use as many new control and title cards with succeeding cards as
necessary. The last card must be present as a blank form.
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ANNEX 4. Computer Program with Fortran IV Language k
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X IS THE X COORDINATE OF THE BOUNDAWY
Y IS THE Y COORDINATE OF THFE ROUNDARY
NN IS A wEIGHTING FACTOR FUR WODE POINT NF KOUNDARY
TA AND IX aRE INITIAL 00D INTEGER FOR USING IN RANDU SURPOUTINE
M OIS THE NUMBER OF sQUMDAPY POINTS CHOSEM
M IS5 THE NUMBER OF RAIN “FASURING STATIONM
MSET I3 THF NUMBER NF RANNNW PAINTS FXPECTED
YMIN AND XMAX ARE THE MINIMUM AMD MAxIMiJM RANGF IN x AxIS
YMIN AND YMAX AWE THE MINIMUM AND MAXIYUM RANGE IN Y AXIS
AX IS THF X COORDINATE OF THE RAIN MFASUPING STATION
AY IS THE Y COORDINATE OF THE RAIN MFASIHIRING STATINN
FAC IS THF FEET USFD IN PFR UNIT ZERN MFPANS NDIMENSIONLESS OF AREA
REAL L(50))
DIMENSION X{aUl) eY(wN®)eaX(SE0) e AY(SOH) oWF (SHu) sNSISOG) e YY (400) 0
"t = INN(GSQ) e TITLF (49) '
NR=&)
Nw=6]
C FEAD INPUT DATA
33 READ(NRe3) IWsTITLE
3 FORPMAT (IS e3Xe9AR)
1a=S
[x=7
C CHECK AHFTHER THE FND OF STATION SET
IF(I#NeEQe ) GO TO A3
WRITE(NWeR) TITLF
S FORMAT (1n]le//5Xe9A877)
IF{INGFQL,1) GO T 119
IF{IWFQ?2) GO 19 110
READINR <) NeVeNSET e XM g XMAX e YMINCYMAX oFAC
R FORMAT(3110+5F13.3)
IFAC:FACOOQ;:I
FACT=FAC®FAC/4356),"
IF(IFAC.EN) FACT=X.:‘
WRITE(NWe10M) NeMeNSETeAMINGXMAXeYMINCYMAXGFACT
LUR FORMAT (/7)1 03X 429MMNUMRER (IF BOUMUDARY SEGMENTS =4]4713X29HNUMBER OF
IwAINFALL STATIONS =2014/' Xe25HNUMAER NF RANDOM POINTS =2416/104016H
2X=AXTS MINIMUA ZeFH4/]1 LeloMA=AXIS MAXIMUM =eFR /LMK 1AHY=AX]IS M
SINIMUM =2eFH,4/10KelarY=axlS MAXIMIIM 24FR,4/10Xe24HARFA, CONVERTING
WFACTIR =24F1S5.577)
READ(MRe9) (X(TI)eY(I)el=10N)
. 9 FOWMAT(16F5,.1)
& READ(NRe&) (AX([)oAY(I)elz)o™)
o @ FORMAT (16FS5,1)
(of ADD A SMALL VALUE TO EACH NODE FOR QOHMTAIMG THE NN FACTOR
i DO 176 131N
e 196 YY(I)=Y ()0 L80]
o C COMPUTE THE WEIGHTING FACTOR NN FOR FACH ROINDARY NODE
ol DO 171 I=2)eN
S MM =0
IF(Y (D) eENGY(Leal)) OGO T lis2

OOOOOODDODDONIND




ORIGINAL PAGE IS ;

-35- OF POOR QUALITY

TEAYY D) LToY(I1) JANDLYY (1) ,GTLY (1)) NN(TYSNN(T)+)
IF(IEQel) GO TO 103 .
TFAYY (D) ol TaY(T=1) AND WYY (1) oGToY (D)) MNCTISNN(TY o] - ;
6O TH 1N |

A3 TFAOYY D) ol ToY (N) o ANDWYY (1) oGToY (1)) NN(TY=NN(T) o) ?
60 TO )19

122 NN(I) =)

171 CONTINUE

- NO 117 I=)eM

. NS(I) = 9

107 CONTINUE
NA=Y !
Nk s ) y
XMN:XMAX-XMIN
YMNZYMAX=YMIN ]

DN 520 IK=]14NSET g

. Iw=y

IL=u
C GENERATE THE RANDOM NUMRBER

CALL RANDD(IXe1YsRDOM)
Ix=sly
XT=2XMIN « RUMS X M
CALL RANND(IA«1I=eRDN)
Ta=IR

YT=YMIN + RDNeYMN , ”
X(Ne1)=X(])
Y(Nel)=Y(])
C CALCULATE THE WUMBER OF [WTERSECTION ALOMG THE X AXIS IN EITHER SIDF
DO 346 K=ieN
IF(YTWAEQ.Y (K) dANDWGXTLENLX(K)) GO TN 31~
IFIYTLEQ.Y(K)) GO TO 29 i
IFAY(K) oGToYToAND YT 6T Y(Kel)) GO T0 40 , . |
IF(YTeOTAY (K) oANDLY (Ke1) oBToY™) GN TO & ‘
GO TO 330 ‘ j
10 IF(XAK) oLT o XToAND X (Ko1)o GTXT) 60 Ty 319 .
IFAX(K) oAToXToANNGK (Ko 1) LT AT) 6O TO 313 ;
IF(XT=X(K)) 11l431¢e12 K
11 IRSIReNN(K) :
GO TO 3an
12 IL=TL+NN(K)
60 TO 399 ;
2¢ IF(X(K)=XT) 12¢31041])
Gy XX=X(K) e+ (YT-Y(K))°(x:K¢l)-X(K))/(Y(Ktl)-Y(K)) ]
IF(XX=XT) 42431344}
- 4] IR=[Re)
=; 60 TO 3un
o “2 IL=]Le1 \
. 300 CONTINUE :
. G CHECK WHETHER THE RANDOM S0INT IS FALLING WITHIN THE BOUNDARY !
IF((IR-IQ/?OE).EO.o.ow.tIL-IL/a*a).Eo.n) 650 TO 3902 ;
31 NA=NA+} :
C  ASSIGN THE FALLING wAITHTW BOUNNARY POINT TO THE NFAREST STATION §
LEL)=(XT=aX(1))®82 4 (YTaAY(]))eep '

e
Yo BN N &
W o ™ - .
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SAVE=L (1)

ISUR =1

NO 91 [ =2eMm

LIV (XT=AX(1) )982 +(YT=AY(])) @82
IF(L(I)=SAVE) 13e¢9la9]
SavE=L (1)

[SUR=1

COMTINUE

NS(ISURS) =SNS(ISuUB) ]
5B TI 840

NPP=NRR+ |

CONTIMUE

|GINAL PAGE 13
gf,‘ POOR QUALITY

C COMPUTE RELATIVE AREA RATIO AND WEIGHTIMA FACTNR OF EACH STATION

AF=2 NA/ (FLOAT (NA+NRR)Y)

AREA=ZAF® (XMAX=XMIN) ® (YMAX=YMIN) #FaCT

C PRINT THE RESULTS

WRITE (Nwe7) AF¢ARFA

7 FORMAT(19Xe21HRELATIVE AKEA RATID =eF9,6024H TOTAL AREA IN ACRES

21
6

139
11

178 FORMAT (/713X 429HNUMHER TF ROUNDARY SEGMENTS =414/15442¢4HAREA CUNVE
IRTING FACTOR =2eF15.5/7)

1 2eF1S.67/7)

DO 21 I=)eM
WF (1) =NS(I)/FLOAT(NA)
WwRITE(NwWeA) TewFi(I)

FORMAT (1 IXe3SHCOWPUTED #£ IGHT OF RAINFALL STATIONe l4e3H =eF9,6/)

GO T A3

CALL ARAA(XeYoNRNW)

GN TO A3

caLkL MONTE(XOY’YYQNNQNQ.NW)
G0 TO K3

CALL FXIT

F0

SURRUUTINE ARAA(XeYeNRoHW)
DIMENSION X{(1)eY(])

RFAD INPUT DATA

READ(NReAY NoFAC
FORMAT(110¢F19.3)
READ(NRew) (X(I)eY(I)eI=leN)
FOWMAT (16FS.1)
1FAC=FAC+0.01
FACT=FAC®FAC/43560,¢
IF(IFAC.ENGD) FACT=1.C
WRITE(NWe]10OM) NoFACT

SUM=1 .0

X({Ne]l)zX(])
Y(Nel)=Y(])
no 7 Ksle\n

SUMI=(X(Kel)=R(K))@(Y(Koal)eY(K))/2,0Q

SUM=SIIMeS M
SuM=SUMeFaCT
WOITE (NweR) SUM

PIEY
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‘ 4 FORMAT(/2X¢21HTOTAL APEA [N ACRES =¢F1%e6//)
= RE TURN
o F N

tr SUHRQUTINE MONTE(XeY oYY eMNoNR o NW) :
™ : DIMENSTION X(1)eY(1)eaYY(1)oeNN(]) U
: Ta=s 4
‘ 1x=7 4

¢ READ INPUT NATA

i'ﬂ' WEAD (NWRoeH) NeNSETeXMINGXMAXeYMINeYMAXFAC

o d FORMAT (2110+SF10.3) L oa
IFAC=FAC+n .01

FACT=FAC®FAC/43500,¢

IFCIFACLENN) FACT=],

WRITE(NWe1OH) Ns NSETAMINsAMAX e YMIMeYMAX9FACT

- ' 178 FORMAT (/713X «29RNUMBER OF ROUNUARY SEGMENTS =¢l4/17X«25HNUMBER OF

i T 1RANDOM POINTS =916/10Xe | 6HX=AALS MINIMIM 2eF8,4/10Xe16HX=AXIS MAXI

) SN 2eFB oA/ 10 X0 16HY=AXTS MINIMUM 24F8,4717%¢16HY=AX1IS MAXIMUM soFR

- - '5 l.-Al-.."";-

o Jea/] IX 924 HAREA CONVERTIMG FACTOR =2eF15.5/7) k
- READ(NRe9) (X(I)aY(IVal=1eN) !
s 9 FOPMAT(16FS,1) : ~
NE C ADND A SMALL VALUE TO EACH NOVDE FOR ORTAIMG THE NN FACTOR .. Ce e
ok DO 136 1=1eN

106 YY(I)=Y(][)eQ,000n]

]
 g]

g COMPUTE THE WEIGHTING FACTOR NN FOR FACH ROINDARY NODE
e DO 10l I=1¢eN
| NN(I)=9
L IF(Y(I)eSNaY(1I¢1)) GO TN 192
ok IF(YY (D) alLToY(I®1) e ANDoYY(I)eGTeY(T)) NN(T)I=NN(I) 1}
B . IF(lefQel) GO TO 193
; IF(YY(I).LTCY(I-l)QANDQYY‘!’OGT.Y(t)’ NNCTYSNN(T) «)
e 60 TO 191

Qf GO TO 131
S 172 NN(I)=])
gpi 131 CONTINUE
N C GENERATE THE RANDOW POINT

NASQ i
NWRS1)

AMNZXMAX=XMIN

YMNZYMAX=YMIN

D S90 IK=]eNSET ‘ -
21 X y
IL=0 §
CALL RANDND(IXsIYsRDOM)

1x=1Y !
XT=XMIN « ROMUXMN j
CALL RANDD(IA«IHeRON) |
[a=1n :
YTeYMIN ¢ RON®YMN 7
Xtnel)sX())

Y(NeldzY(])

. et o Em e o £
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4
o CALCULATE THE HNUMHEP OF JNTERSECTION ALONG THE X AXIS ﬁ
NO 36 K= el : .
IFAYTOEQGY(K) ANDJATLEQ X (K)) 6O TN 319 }

IF(YT.EOoY(K).AND.YT.SQ.Y(KﬂH GO 10 10 . - i ‘I
IF(YToFQev(K)) GI TO 24 ] |
IFCY(K) o T eYToAND YT GTLY(Ke1)) GO TO 4C ' ;
IF(YTQGroY‘K)QANDQY(‘K")QGTQYT) YTy} TO N ) !
60 TO 3u0 : ; )
1 v TF(X(K) oLTeXToANDX(Ke]) ,GTeXT) 6GN TO AlC ; )
IF‘K(K)oGToxT.ANU.X(K¢l)oLT.XT) Gn TO 19 ‘
IF(XTaX(KY) 110310412 o
11 IR=IReNN(K) ‘ 4
60 T 349
12 IL=IL*NN(K)
GO TO 309
2y IF(X(K)=XT) 1231711
Wi XXSX(K)+ (YTeY(K))®(X(Ke])=XAK))/(Y(Re])=Y(K))
IF(XX=XT) 42¢3100a}
41 IR=IRe}
6O TO 309
42 IL=IL+]
300 CONTINUE
C CHECK WHETHER THE RANDOM ONINT IS FALLINA WITHIN THE BNUNDARY
IF(UIR=TR/282) eENeNaOR, (IL=T1L/2%2) JEGs3) GO TO 302
31 ) NA=NA+]
6O TO 59
302 NOBRINRPe]
500 CONTINUE
AF= NA/Z(FLOAT (NA+RK))
ARFASAF® (XMAX=XMIN) @ (YMAR=YMIN)#FACT ! j
WRITE (NWeT?) AF «AWNFA . ‘
7 FORMAT(1)xe21MRELATIVE AREA RATIOD 2eF Q64 24H TOTAL AREA IN ACRES
30‘1‘06//)
RETURN
END

SURROUT INF RANDD(IXeIYeYFL) ‘
¢ GENERATE THE RANDOM NUMWER
Ivy=1xe4099
IFLIY)S+608
IY=21Y+R33R60T+]
YFL=1Y '
YFLSYFL/B18:4606T Y
. RETURN
= EnD

»>n
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